ABSTRACT: A common feeding practice during the dry period is to switch dairy cows to an energy-dense diet 3 wk prepartum, but this practice may lead to the overconsumption of energy and increase the risk of metabolic disease postpartum. The aim of this trial was to compare the metabolic status of transition Holstein dairy cows fed a 77% forage diet (77F; NE l = 1.46 Mcal/kg; NDF = 41%) vs. those fed an 87% forage diet (87F; NE l = 1.41 Mcal/kg; 48% NDF). Approximately 60 d before calving, cows were dried off, housed in a free stall barn, and fed the 87F diet. Three weeks before expected calving, cows were randomly assigned to either the 77F treatment and switched to this diet (n = 45) or assigned to the 87F treatment and stayed on the dry cow ration until parturition (n = 42). After parturition, all cows were fed a common lactation diet (NE l = 1.59 Mcal/kg; 36% NDF). Dry matter intake was measured daily from 2 wk before to 2 wk after calving. Blood was sampled daily for 10 d postpartum. Subclinical ketosis was diagnosed using a threshold of β-hydroxybutyrate (BHBA) ≥ 1.0 mmol/L after calving. The percentage of cows pregnant and odds of being pregnant for each treatment group were determined at 60, 90, and 120 d in milk through ultrasound by the herd veterinarian. Cows on the 87F diet consumed less DM prepartum than those on the 77F diet (12.7 ± 0.3 kg/d vs. 15.4 ± 0.3 kg/d, P < 0.001), but no difference in DMI was detected after calving (19.7 ± 5.5 kg/d; P = 0.87). Although the calculated prepartum required energy intake was the same for the 2 treatments (15.3 ± 1.2 Mcal/d; P = 0.16), cows on the 77F diet consumed 4.5 Mcal/d more than those on the 87F diet (22.5 ± 0.5 Mcal/d vs. 18.0 ± 0.5 Mcal/d; P < 0.001). Postpartum concentration of BHBA was less for cows fed the 87F diet prepartum (0.49 ± 0.02 mmol/L vs. 0.59 ± 0.02 mmol/L; P = 0.02), and fewer animals on this diet were diagnosed subclinical ketosis (SCK; 49% vs. 17%; P = 0.001). Milk production tended to be less for cows fed the 87F diet prepartum (47.3 ± 0.4 kg/d vs. 48.8 ± 0.4 kg/d; P = 0.10) for the fi rst 22 wk of lactation, which was signifi cant for d 7 to 28 of lactation (44.6 ± 1.1 kg/d vs. 47.6 ± 1.0 kg/d; P = 0.05). Although sample size was small to draw strong conclusions on reproductive performance, at 120 d in milk, cows on the 87F diet were 0.3 times more likely to be pregnant (P = 0.03). These results indicate that feeding an 87F diet before calving can reduce rates of SCK in transition dairy cows.
INTRODUCTION
The dairy industry remains challenged with increased rates of disease postpartum, often attributed to prolonged periods of negative energy balance (NEB). In an effort to reduce NEB energy-dense diets are fed beginning 3 wk before calving, but this may lead to overconsumption of energy and increase the risk of disease (Janovick and Drackley, 2010; Janovick et al., 2011) . Negative energy balance and excessive lipid mobilization are linked to postpartum disease, including displaced abomasum (LeBlanc et al., 2006) , fatty liver (Bobe et al., 2004) , ketosis, and subclinical ketosis (SCK; Drackley et al., 2001) . Disease reduces milk yield (Rajala-Schultz et al., 1999) , decreases conception rates (LeBlanc et al., 2002) , and increases involuntary culling (Gröhn et al., 1998) , reducing the profi tability of the farm and the welfare of the cow.
Given the opportunity, far-off cows overconsume energy , which is stored in the adipose tissue and broken down to NEFA in times of NEB; NEFA are used for energy and excess triglycerides (TG) accumulate in the liver, increasing the risk of fatty liver and postpartum illness (see review by Drackley, 1999) . Cows in early lactation that consumed excess energy prepartum have greater concentration of β-hydroxybutyrate (BHBA) and greater NEB, suggesting an increased risk of metabolic disease Janovick et al., 2011) . These results indicate that offering diets that meet rather than exceed energy requirements prepartum will reduce body fat mobilization and improve health postpartum (Douglas et al., 2006) .
Recent work had shown improved metabolic profi les postpartum by feeding high-forage, low-energy diets prepartum (Holtenius et al., 2003; Dann et al., 2006; Douglas et al., 2006) . Janovick et al. (2011) also suggested improved metabolic health, but the sample size was small. The objective of this study was to test the effects of feeding an 87% forage diet throughout the dry period compared with switching to a 77% forage diet 3 wk before calving on incidences of SCK postpartum.
MATERIALS AND METHODS
Cows were cared for according to the guidelines set by the Canadian Council on Animal Care (2009).
Animals, Housing, and Diet
This experiment was conducted at the Dairy Education and Research Center of the University of British Columbia (Agassiz, BC, Canada) from July 2009 to March 2010. During the 10-mo study period, 91 multiparous (entering parity 2, n = 32; parity 3, n = 24; parity 4, n = 17; parity 5, n = 7; parity 6, n = 9; parity 7, n = 1; parity 8, n = 1). Holstein cows were enrolled in the experiment with an average dry period of 55.9 ± 7.2 d (mean ± SD). After dry off, all cows were housed in a free stall pen fi tted with a post and rail feed barrier system and fed a diet with 87% forage (87F; NE l = 1.41 ± 0.03 Mcal/kg; 48% ± 2.0 NDF) described in Table 1 . Approximately 3 wk before expected parturition, cows were moved to the prepartum pen equipped with Insentec (Insentec, Markness, Holland) feed bins, where they were randomly assigned to 1 of 2 dietary treatments. Half of the cows remained on the 87F diet until parturition (treatment group), whereas the other half (control group) were switched to a diet with 77% forage (77F; NE l = 1.46 ± 0.05 Mcal/kg; 41% ± 2.0 NDF; Table 1 ). Groups were balanced for BCS, parity, and previous 305-d milk production. Care was taken to ensure groups were consistently balanced over time as cows entered the experimental trial.
Cows were housed in the prepartum group pen containing 24 free stalls fi tted with a mattress (Pasture Mat, Promat Inc., Woodstock, ON, Canada) covered with 5 cm of sand bedding, 12 Insentec feed bins, and 2 Insentec water troughs (see Chapinal et al., 2007, for a description) . Alternate bins provided the 2 diets; these bins were programmed to allow access only to those cows assigned to that diet, allowing us to house randomly assigned cows to dietary treatment in the same pen. At all times, 12 cows were assigned to each dietary treatment in the prepartum pen to maintain a constant stocking density; if necessary, nonexperimental cows in the same stage of lactation were taken from the main herd and moved into the pen to maintain the stocking density. Group composition was dynamic, with cows entering and leaving the experiment depending on their expected and actual calving dates. At signs of imminent calving (i.e., udder enlargement, milk ejection, relaxation of tail ligament), cows were moved to a maternity pen. The maternity pen consisted of a sawdust bedded pack fi tted with a single Insentec feed bin to allow for continued monitoring of DMI. Cows also had free access to water from a self-fi lling water trough. Cows were fed their assigned diets in the maternity pen. After calving, cows were milked and moved directly to the postpartum group pen. The postpartum pen consisted of 12 stalls identical to those described above, with 6 Insentec feed bins and a single Insentec water trough. All cows, regardless of prepartum treatment, were fed a common lactation diet (NE l = 1.59 Mcal/kg; Table 1 ) and monitored for an additional 2 wk. Cows in the postpartum pen were milked twice a day at approximately 0630 and 1700 h. After the 2 wk experimental period, cows were returned to the main milking herd and housed in a free stall pen fi tted with a post and rail feed barrier system and fed the lactation diet described in Table 1 . If experimental cows were used in subsequent research trials after the 3 wk postpartum data collection period for this trial, they were distributed equally among experiments and balanced by treatment.
Pre-and postpartum groups were fed a total mixed ration (TMR) twice daily at approximately 0700 and 1600 h. Fresh TMR samples were taken twice weekly immediately before the morning feeding. Samples were pooled weekly to create 1 weekly sample. Samples were dried at 60°C for 48 h to determine DM content. Weekly dried samples were pooled into monthly composites and ground. Monthly composite samples were analyzed for contents of DM, CP, ADF, NDF, sugar, starch, crude fat, and mineral analysis using wet chemistry methods (Cumberland Valley Analytical Services, Inc., Maugansville, MD; Cumberland Valley Analytical Services, 2011).
Individual Animal Factors, Health Checks, and Blood Sampling
Individual DMI was measured daily using the Insentec system. Daily feed intakes were corrected for DM. Body weight was measured weekly on 2 consecutive d, and an average value was taken. Body condition sore (Ferguson et al., 1994) was determined once weekly for each cow starting 3 wk before expected parturition and continuing for 2 wk postpartum.
After calving, all cows were checked twice weekly for metritis. Cows were sorted after morning milking and restrained using a headlock feed barrier. Puerperal metritis was diagnosed using a speculum and visually examining vaginal discharge. Briefl y, before inserting the speculum into the vaginal cavity, the vulva was thoroughly cleaned with a paper towel soaked with iodine solution (Prepodyne Scrub, Kane Veterinary Supplies, Edmonton, AB, Canada) diluted in warm water. The speculum was disinfected in an iodine solution and inserted into the vaginal cavity, and any discharge was visually examined using a fl ashlight. Appearance and smell of the vaginal discharge was evaluated and assigned a score on the basis of the scoring system of Urton et al. (2005) : no mucus or clear mucus = 0; cloudy mucus or mucus with fl ecks of puss = 1; mucopurulent (≤50% pus present) and foul smelling = 2; purulent (≥50% puss present) and foul smelling = 3; and putrid (red/brown color, watery, foul smelling) = 4. Cows were diagnosed as having puerperal metritis if they showed a vaginal discharge (VD) score of 4. Cows were diagnosed with mild metritis if they showed a VD score of 2 or 3.
Blood was sampled between 0900 and 1200 h daily postpartum for 10 d. Blood samples (10 mL) were collected from the coccygeal vein using Vacutainer tubes (Vacutainer Venous Blood Collection Tubes, BD Bio- 1 All cows were fed the 87F diet upon dry off; 3 wk before expected parturition half the cows were switched to the 77F diet (NE l = 1.46 Mcal/ kg; NDF = 41%; n = 45), while the other half remained on the 87F diet (NE l = 1.41 Mcal/kg; 48% NDF) until parturition (n = 42). After calving, all cows (n = 87) were fed the lactation diet.
2 77F: major ingredients include 70% soybean hulls, 12% Amino Plus (Ag Processing Inc, Omaha, NE), 6% rolled barley, 1.8% distillers corn wheat blend. Concentrate contained 1.0% crude fat, 12.6% CP, 1.53% Ca, 0.45% P, 0.23% Na, 0.71% Cl, 1.4% K, 0.59% Mg, 0.45% S, 81.4 mg/kg manganese, 185 mg/kg Zn, 293.7 mg/kg Fe, 54 mg/kg Cu, 1.7 mg/kg Se, 2.4 mg/kg Co, 2.7 mg/kg, 41.4 kIU/kg vitamin A, 10.2 kIU/kg vitamin D, 0.81 kIU/kg vitamin E, 1518 mg/kg niacin.
3 87F: major ingredients include 28.8% soybean meal, 23.9% canola meal, 22% Amino Plus (Ag Processing Inc, Omaha, NE), 5.6% corn gluten meal. Concentrate contained 1.1% crude fat, 32.4% CP, 2.97% Ca, 1.0% P, 0.55% Na, 0.79% Cl, 1.3% K, 1.31% Mg, 0.77% S, 121.8 mg/kg manganese, 413.1 mg/kg Zn, 249.0 mg/kg Fe, 131.5 mg/kg Cu, 3.6 mg/kg Se, 2.1 mg/kg Co, 3.6 mg/kg, 79.1 kIU/kg vitamin A, 17.4 kIU/kg vitamin D, 0.95 kIU/kg vitamin E, 9.5 mg/kg niacin. 4 Lactation diet: major ingredients include 28% rolled barley, 20% fi ne ground barley, 8.6% soybean meal, 8% rolled corn, 8% distillers corn wheat blend, 7.6% canola meal, and 6% Amino Plus (Ag Processing Inc, Omaha, NE). Concentrate contained 3.2% crude fat, 6.7% ADF, 16.0% NDF, 41.0% NSC, 16.7% CP, 1.0% Ca, 0.47% P, 0.58% Na, 0.44% Cl, 0.73% K, 0.34% Mg, 0.23% S, 77.8 mg/kg manganese, 222.2 mg/kg Zn, 183.3 mg/kg Fe, 32.6 mg/kg Cu, 0.7 mg/kg Se, 3.0 mg/kg Co, 2.1 mg/kg, 12.5 kIU/kg vitamin A, 3.3 kIU/kg vitamin D, 0.05 kIU/kg vitamin E, 0.14 mg/kg biotin. sciences, Franklin Lakes, NJ). Analysis for BHBA was performed on whole blood for postpartum cows immediately after the sample was collected using a Precision Xtra meter [MediSense, Abbott, Gurnee, IL; see Iwersen et al. (2009) 
Cows were diagnosed as having SCK using a threshold of serum BHBA concentration of ≥1.0 mmol/L in the fi rst week postpartum and/or ≥1.4 mmol/L from d 7 to 10 postpartum (Walsh et al., 2007) . Retained placenta (RP) was diagnosed if any placental tissue was hanging from the vulva 24 h after parturition. As per standard farm practice, cows with RP were treated with penicillin for 3 consecutive d. Displaced abomasum (DA) was diagnosed by listening for rumen contraction and abnormal abomasum sounds. The herd veterinarian treated identifi ed cases of DA immediately. Clinical signs of mastitis included clots, abnormal milk, or a positive California mastitis test (CMT; Sargeant et al., 2001) . Body temperatures were taken daily between 0900 and 1200 h starting 3 wk prepartum until 2 wk postpartum using a rectal thermometer (GLA M750, GLA Agriculture Electronics, San Luis Obispo, CA). After calving, according to standard operating practice for the farm, all cows with parity greater than 3 were treated with a subcutaneous injection of 500 mL of 23% calcium borogluconate.
Daily milk weights were recorded for each cow during the morning and afternoon milking. Milk samples were taken weekly for 2 consecutive days, and composite samples were analyzed for fat, lactose, protein, and somatic cell count (SCC) Pacifi c Milk Analysis Lab, Chilliwack, BC). In situations where milk was withheld from the tank (colostrum, sick cows), milk production was recorded manually.
To assess reproductive performance, the interval from calving to pregnancy (days open) was recorded. All cows underwent a 60 d voluntary waiting period, at which time cows were watched for visual signs of estrous behavior (i.e., standing for mounting by another cow, mounting another cow, increased activity, persistent sniffi ng and licking of other cows). When cows were detected to be in heat, they were bred by AI. The herd veterinarian diagnosed pregnancy at least 28 d after breeding using ultrasound.
Time of calving was determined by analyzing video recorded in the maternity pen from a camera (WV-BP330, Panasonic, Osaka, Japan) mounted 6 m above the pen. Videos were recorded to a digital recording system (Genetec Inc., Saint-Laurent, QC, Canada). Time of calving was recorded as the hour in which the calf was fully expelled from the cow.
Calculations and Statistical Analysis
Four cows were removed from the study because of miscellaneous health problems (1 with a prolapsed uterus, 1 with severe edema, 1 euthanized 6 d postpartum because of severe ketosis and gastrointestinal complications, and 1 with a ripped teat). Statistical analyses were performed using SAS (SAS Inst. Inc., Cary, NC) with cow as the experimental unit. One cow on the 77F diet calved 8 d early, limiting the beginning of prepartum data collection to begin d −13 relative to calving. Feeding events were screened for outliers on the basis of feeding rates using PROC UNVARIATE in SAS. Of the 165,998 feeding events (times the system identifi ed an individual cow at the feeder), 3.2% were identifi ed as falling more than 3 times the interquartile range beyond fi rst and third quartiles and were removed from analysis. Hour of calving marked the beginning of d 0, and experimental days were adjusted accordingly. For BHBA analysis only, cows with BHBA concentration of ≥1.4 mmol/L in wk +2 or later were not included as this has been shown to be indicative of prolonged NEB and is often associated with clinical ketosis (Walsh et al., 2007) . After the removal of these animals (n = 8 on 77F diet and n = 4 on 87F diet), data were screened for outliers, and data points falling 3 times beyond the fi rst and third quartiles were removed from analysis (0.85% of observations). Milk production data were analyzed daily and for weekly periods for 22 wk. Milk production data were also looked at separately in the period from d 7 to 28 and a second period from 29 to 56 d in milk (DIM). Dry matter intake, BHBA, milk production, prepartum net energy intake (NE i ) data, pre-and postpartum energy balance, calf BW, and BCS data were analyzed using PROC MIXED with day or period specifi ed as a repeated measure, cow specifi ed as subject, and autoregressive specifi ed as the covariance matrix. Effects were included in the model in this order: parity (parity 2 compared with parity 2+; treatment groups were balanced for parity so the risk of ketosis in older cows was evenly distributed), BCS (greater than or less than 3.75), calving diffi culty (unassisted vs. assisted calving), treatment, day, and treatment by day. Dry matter intake, energy balance, and NE l were analyzed separately by prepartum and postpartum intakes. If parity, BCS, or calving diffi culty was found to be signifi cant, the analysis was repeated separately for the 2 levels of covariate (e.g., parity 2 vs. 2+).
To analyze reproductive data, cows were classifi ed as pregnant or not pregnant at 90, 120, and 150 DIM. For this analysis, experimental cows culled from the herd before 60 DIM were removed from analysis, leading to the removal of 8 cows, 4 from the 87F diet and 4 from the 77F diet. After 150 DIM, 20 cows on the 77F diet and 11 cows from the 87F diet were not yet pregnant and were classifi ed as not pregnant for the analysis. The odds of a cow getting SCK or being pregnant at 90, 120, 150 DIM were analyzed using PROC GLIMMIX, which included the effects of parity, BCS, calving diffi culty, and treatment. Again, if any covariate was signifi cant, the analysis was repeated by this variable.
Averages of SCC, lactose, protein, and fat were summarized into 2 weekly periods: wk +1 (d 1 to 7) and wk +2 (d 8 to 14) and were analyzed using a MIXED model with an autoregressive covariance structure and week specifi ed as repeated measures. For all models, covariance structure was selected on the basis of the best fi t according to the Bayesian information criteria after running PROC MIXED.
Energy balance was calculated for each cow using NRC (2001) where D = day of gestation and CBW is the calf birth weight in kilograms. Calf birth weight was measured for 51 calves (n = 28 on the 77F diet; n = 23 on 87F diet); therefore, only these cows were used for calculations. Prepartum energy balance (NE PRE ) was determined as follows: NE PRE = NE i − (NE p + NE m ). Net energy for milk production (NE l ; Mcal/d) = (0.0929 × fat %) + (0.0563 × protein %) + (0.0395 × lactose %) × milk yield (kg/d). Postpartum energy balance (NE POST ) was calculated as follows: NE POST = NE i − (NE m + NE l ). Pre-and postpartum energy balances were calculated for each cow to report their energy balances and determine the magnitude of their NEB.
RESULTS AND DISCUSSION

Diets
The 77F and 87F diets were formulated to have NE l of 1.45 and 1.34 Mcal/kg, respectively. The calculated NE l vales of the diets were calculated using Ohio State summative equations; despite the similarity in the calculated NE l values (Table 1) there were large differences in the fi ber and starch content of the 2 diets. These differences were refl ected in the animal response to the contrasting diets. This illustrates the diffi culty in calculating diet NE l from individual feed NE l values (Weiss, 2010) . Despite the apparent lack of difference in energy content of the 2 diets, because of the addition of rye grass straw to the 87F diet, we were still able to meet the objectives of this study of limiting energy intake in the prepartum period to our treatment group. The straw successfully restricted DMI of those cows on the 87F diet, ultimately leading them to consume fewer calories in the dry period compared with those on the 77F diet.
Diets were formulated to provide a dietary cationanion difference (DCAD) value of 5.2 and 15.0 mEq/100 g DM for the 77F and 87F diets, respectively. However, on chemical analysis, DCAD values were much greater (Table 1) , putting those cows on the 87F diet at an increased risk for developing milk fever, as risk of milk fever increases with increasing DCAD values (Lean et al., 2006) . As a part of routine management on farm, cows with parity greater than 3 were given calcium borogluconate as a precaution. This may be why we did not see greater incidences of milk fever in this study. This high DCAD value is a possible limitation to the 87F diet and might need to be modifi ed for fi eld application.
DMI
Cows fed the 77F diet had greater DMI precalving (P < 0.001) than those fed the 87F diet (Fig. 1A) . There was an effect of parity, with cows of parity 2 consuming more than those of parity 2+ (P = 0.04), but for both parities, cows on the 77F diet had a greater DMI precalving (P < 0.001). There was no treatment difference in DMI in the postpartum period, with cows consuming on average 19.7 ± 5.5 kg/d (P = 0.87). Again, there was an effect of parity, with cows of parity 2 consuming more than those of parity 2+ (P = 0.03), but when data were analyzed separately by parity, no treatment effect was detected. Throughout the experiment, BCS did not differ between treatments, averaging (mean ± SD) 3.3 ± 0.3 in both treatments. However, we did observe a drop in BCS from wk −1 to wk +2 (3.4 ± 0.03 vs. 3.2 ± 0.03; P < 0.001) for both treatments.
Cows fed the 77F diet had a greater NE i than those fed the 87F diet (22.5 ± 0.5 Mcal/d vs. 18.0 ± 0.5 Mcal/d; P < 0.001; Fig. 1B ). Calculated required energy for prepartum cows was 15.3 ± 1.2 Mcal/d. Both treatment groups consumed in excess of their requirements between d −12 and d −2 relative to calving (77F diet, 29.3% in excess; 87F diet, 12.8% in excess). After calving, there was no difference in NE i . Cows on the 77F diet tended to have heavier calves (45.1 ± 1.1 vs. 42.1 ± 1.2 kg; P = 0.07).
As expected, all cows were in a positive energy balance before calving, but the surplus was more pronounced for cows on the 77F diet compared with cows receiving the 87F diet (8.0 ± 0.6 vs. 2.9 ± 0.6 Mcal/d; P < 0.001; Fig. 1C ). In the week after parturition all cows were in a NEB (87F: −11.9 ± 0.9 Mcal/d; 77F: −13.7 ± 0.9 Mcal/d; P = 0.18). The effect of parity was signifi cant both prepartum (P = 0.03) and postpartum (P < 0.001); however, treatment differences were signifi cant for both parities.
Cows fed the 77F diet consumed more DM during the 2 wk before parturition. This fi nding is in accordance with other work that reported that cows fed lower-forage diets prepartum have greater intakes than those fed highforage diets (Holcomb et al., 2001) . Previous work has shown that the greatest decline in DMI takes place on d −1 (Huzzey et al., 2007; Goldhawk et al., 2009 ). The greatest decline in DMI in both treatment groups took place 24 h before calving, with those cows consuming the 77F diet showing the greatest declines; cows on the 87F diet declined on average 2.3 kg/d, and those on the 77F diet declined by 4.3 kg/d, relative to the previous 24 h.
Greater energy diets fed prepartum have been shown to cause greater decline in DMI before calving (Grummer et al., 2004) , although mechanisms explaining this effect remain unclear (see review by Ingvartsen and Andersen, 2000) . Preventing large declines in DMI as parturition approaches is important; these drops in DMI in the week before calving may be associated with increased risk of metritis (Huzzey et al., 2007) and increased lipid mobilization from adipose tissues increasing the risk of metabolic disorders (Bertics et al., 1992) .
The lack of difference in DMI in postpartum cows was surprising given that previous studies had reported greater postpartum DMI in cases where cows were restricted to consuming energy intakes at or below NRC recommendations in the prepartum period (Agenäs et al., 2003; Dann et al., 2006; Douglas et al., 2006) . By design, cows in the present study were provided ad libitum access to diets that differed in the amount of forage because of the addition of straw to the treatment diet. This resulted in cows on the 77F diet and the 87F diet consuming 130% and 112%, respectively, of NRC recommendations forNE l in the 10 d before calving. In a review article, Grummer (1995) reported a positive correlation between prepartum and postpartum feed intake, suggesting it was important to maximize intake before calving. It should also be noted that individual differences among cows can play a role in driving DMI fl uctuations, as cows housed in the same environments and fed the same prepartum diets show great fl uctuations in the magnitude of DMI decrease around calving (Grummer, 1995) . Our results show cows consuming greater DMI precalving did not have increased DMI in the postcalving period. This result suggests that focusing on prepartum DMI, without considering NE intake and diet ingredients, will not improve appetite postcalving.
Blood Metabolites
None of the cows in the prepartum period displayed any obvious signs of illness (i.e., fever), and all cows were classifi ed as healthy before calving. Postpartum blood concentration of BHBA were decreased for cows fed the 87F diet prepartum compared with those on the 77F diet (0.49 ± 0.02 vs. 0.59 ± 0.02 mmol/L; P = 0.02; Fig. 2 ). There was an effect of parity, with cows in parity 2+ having greater concentration of BHBA than those in parity 2 (P = 0.02), but when data were stratifi ed by parity, treatment effects were still present (P = 0.02).
Postpartum concentrations of BHBA were greater for cows fed the 77F diets; this result agrees with previous work showing that limiting energy intake in the dry period results in greater energy balance, leading to lower concentration of BHBA postpartum . As expected, we saw increased concentration of Mcal/kg; 48% NDF) on dry off; 3 wk before expected parturition half the cows were switched to the 77F diet (NE l = 1.46 Mcal/kg; NDF = 41%; n = 45; solid line; solid line; n = 45), whereas the other half remained on the 87F diet until parturition (dashed line; n = 42). After calving, all cows (n = 87) were fed the lactation diet. Dry matter intake varied with treatment prepartum (P < 0.001; treatment by day interaction P = 0.08) but not postpartum (P = 0.87; treatment by day interaction P = 0.88). Prepartum energy requirement is denoted by dotted line. Treatments differed in prepartum NE i (P < 0.001). Prepartum energy balance differed by treatment prepartum (P < 0.001) but not postpartum (P = 0.18; treatment × time interaction; P = 0.04).
BHBA postpartum associated with postpartum illness and reduced reproductive performance, as reported by other authors (Walsh et al., 2007; Ospina et al., 2010a,b) .
Cows fed in excess of their nutrient requirements during the dry period may develop insulin insensitivity. When the NE i of cows is reduced through either increasing forage content of the diet or restricting intakes of high-energy diets, cows respond with lower concentration of insulin (Holcomb et al., 2001; Dann et al., 2006; Douglas et al., 2006) . Similarly, cows allowed to consume excess energy (in this case 178% of that recommended by NRC) showed a greater insulin response after a glucose challenge in the prepartum period than those fed at 110% of the level recommended by NRC (Holtenius et al., 2003) .
Health Outcomes
Incidences of disease are reported in Table 2 . The number of cases was too small to allow for meaningful analysis for most disease states monitored, but we did observe a total of 29 cases of SCK. Cows on the 77F diet were more likely to have SCK then those on the 87F diet (probability of diagnoses was 0.50 ± 0.08 vs. 0.17 ± 0.06 for the 2 treatments, respectively; P = 0.001). Several authors have suggested that controlling energy intake in the prepartum period may improve postpartum health (Beever, 2006; Janovick and Drackley, 2010; Janovick et al., 2011) . Dann et al. (2006) recorded health disorders, but they were unable to show differences in the frequency of these disorders between cows fed diets varying in NE i , perhaps because of the small number of animals used. However, Janovick et al. (2011) recently found that controlling prepartum energy intake though the addition of straw resulted in fewer cases of ketosis and displaced abomasum. Metabolic profi ling of transition cows has shown that cows with an increased concentration of NEFA are at an increased risk for fatty liver and other metabolic disorders, such as ketosis (Grummer, 1993; Bobe et al., 2004) . Walsh et al. (2007) observed that cows with a concentration of BHBA ≥ 1.0 mmol/L in the fi rst week prepartum, consistent with our defi nition of SCK, were 20% less likely to become pregnant after the fi rst insemination and were 50% less likely to become pregnant. Excessive NEB, defi ned using BHBA threshold concentration, has been used as a predictor of disease and herd-level problems. A BHBA concentration of ≥1.0 mmol/L from d 3 to 14 postpartum is associated with increased risk of clinical ketosis and metritis (Ospina et al., 2010b) . Further, cows with a BHBA concentration of ≥1.0 mmol/L postpartum had a 13% decreased risk of pregnancy as well as a 393-kg decrease in mature equivalent 305 d milk production (ME305), illustrating the detrimental effects of excessive NEB on reproductive performance and milk production (Ospina et al., 2010a) . Cows in the present study that were fed the 87F diet throughout the entire dry period were at a reduced risk of developing subclinical ketosis and therefore were likely to experience fewer reproductive problems. In this study, cows fed the 87F diet tended to get pregnant quicker than those fed the 77F diet. Half the cows on the 87F diet were pregnant by 120 DIM, whereas it took up to 150 DIM for 50% of the cows on the 77F diet to become pregnant.
Reproductive Performance
At 120 and 150 DIM, cows on the 87F diet were more likely to be pregnant (P = 0.03 and P = 0.05, respectively); this difference was not signifi cant at 90 DIM (Fig.  3) . Cows with SCK showed no differences in conception rates compared with those without SCK at 90 DIM (P Figure 2 . Least squares mean (±SE) of β-hydroxybutyrate (BHBA) (mmol/L) during the fi rst 10 d postpartum. All cows were fed the 87F diet (NE l = 1.41 Mcal/kg; 48% NDF) on dry off; 3 wk before expected parturition half the cows were switched to the 77F diet (NE l = 1.46 Mcal/kg; NDF = 41% ;solid line; n = 45), whereas the other half remained on the 87F diet until parturition (dashed line; n = 42). After calving, all cows (n = 87) were fed the lactation diet. Concentration of BHBA were different by treatment (P = 0.02), but there was no treatment × day interaction (P = 0.78). Metritis, n 13 6 Healthy, n 6 1 2 = 0.15) or 150 DIM (P = 0.50). However, at, 120 DIM cows without SCK were 1.2 times more likely to be pregnant (P = 0.05). This is consistent with other work showing cows with SCK are less likely to get pregnant (Walsh et al., 2007) . Postpartum diseases such as RP and metritis are risk factors for decreased conception rates, with cows with metritis showing a 15% decrease in conception rate (Gröhn and Rajala-Schultz, 2000) . In addition, Gröhn and Rajala-Schultz (2000) concluded that reproductive performance of cows could impact the profi tability of the herd by decreasing milk yield and by increasing the culling rate. In general, it appears that conception rates in dairy cows are on the decline (Butler, 2000) ; as a result, any management tool that shows potential in improving conception rates deserves further research and follow-up. This trial was not designed to compare reproductive performance of animals on the different treatments; however, for the sake of interest these data were analyzed. Because of the small sample size of this trial with respect to analyzing reproductive performance, we are not able to draw strong conclusions and would caution the reader from doing so. As a result, we encourage further work on this topic.
Milk Production and Components
Over the fi rst 22 wk of lactation, there was a trend for cows on the 77F diet to produce more milk than those on the 87F diet (48.8 ± 0.4 vs. 47.3 ± 0.4 kg/d; P = 0.10; Fig. 4) . From d 7 to 28, cows on the 77F diet produced signifi cantly more milk than those on the 87F diet (47.6 ± 1.0 vs. 44.6 ± 1.1 kg/d; P = 0.05); however, in the period of 29 to 56 DIM, no difference in milk production was noted (77F: 52.2 ± 1.0 kg/d, 87F: 49.9 ± 1.1 kg/d; P = 0.12). Further, cows with SCK showed a trend to produce less milk over the 150 d (47.0 ± 1.1 vs. 47.6 ± 0.8 kg/d; P = 0.09). There was no effect of parity on milk production (P = 0.83). As BHBA concentrations were increased in the fi rst 2 wk postpartum, cows consuming the 77F diet may have been exhibiting greater rates of ketogenesis to meet the energy demand of milk production, providing further evidence of the compromised metabolic state of the cows fed the 77F diet prepartum.
Additionally, a small difference in daily milk yield can have large cumulative impacts for the dairy producer. However, this decline in milk production needs to be weighed against the potential benefi ts to the cow, such as a possible reduction in rates of metritis and fewer days open. After all, postpartum disease has been associated with decreased milk yield (Rajala-Schultz et al., 1999) , decreased conception rates (LeBlanc et al., 2002) , and increased rates of involuntary culling (Gröhn et al., 1998) , ultimately reducing the profi tability of the farm.
During the fi rst 2 wk of lactation there were no differences (P > 0.05) in SCC (311,270 ± 60,078 cells/mL), fat (5.8 ± 0.8%), protein (3.8 ± 0.05%), or lactose (4.2 ± 0.02%) between the treatment groups.
Conclusions
Controlling energy intake during the dry period by adding forage to dilute nutrient content lowers incidences of SCK after calving. More research is needed to determine the long-term impacts of controlling energy intake prepartum on subsequent reproductive performance.
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